Abstract. MicroRNAs are non-coding RNAs, functionioning as post-transcriptional regulators of gene expression. Some microRNAs have been demonstrated to play a role in regulation of innate immunity. After myocardial infarction (MI), innate immunity is activated leading to an acute inflammatory reaction. There is evidence that an intense inflammatory reaction might contribute to the development of ventricular rupture (VR) after MI. Using real-time PCR, we analysed the expression of miR-146a, miR-150, and miR-155 in autopsy samples of infarcted heart tissue from 50 patients with MI (23 with VR and 27 without VR). An altered expression of all three microRNAs was found in MI compared to the normal hearts. Comparing MI patients with VR and those without VR, we found miR-146a up-regulation, and miR-150 and miR-155 down-regulation in patients with VR.
Introduction
Experimental studies have shown that rupture of the ventricular wall (ventricular rupture, VR) in a mouse model of myocardial infarction (MI) occurs 2-6 days after MI and that it is associated with the size of MI and the extent of the regional and systemic inflammatory response [1, 2] . Similar findings have been observed in our clinicopathologic study of VR in human MI [3] . We analysed the density of interstitial neutrophil infiltration in autopsy samples of infarcted heart tissue from 110 patients (50 patients with VR, and 60 patients without VR). We found a significantly more intensive interstitial neutrophil infiltration of the infarcted myocardium in patients with VR compared to the patients without VR, who died 2-7 after the onset of MI. In patients with VR, arterial hypertension was significantly more frequent than in patients without VR. These findings suggest that inflammatory response mediated by neutrophils might play an important role in the pathogenesis of the VR also in humans, particularly in those with arterial hypertension.
Neutrophils accumulate in the infarcted myocardium as a part of the innate immune response, which has been recently shown to be modulated by microRNAs. MicroRNAs are short (∼22 nucleotides long), single-stranded and non-coding RNAs that function as post-transcriptional regulators of gene expression [4, 5] . Since being defined, it has been shown that they are involved in the regulation of a wide variety of cellular processes, including apoptosis, differentiation, and proliferation. As a consequence, they contribute to various physiological and pathological conditions, including immune response [6] and cardiovascular diseases [7] . Some microRNAs, e.g. miR-146a, miR-150, and miR-155, have been described to play a role in the regulation of the innate immune response [8, 9] . To deepen our understanding of the postulated role of the innate immune response in the pathogenesis of VR after MI, we analysed the expression of these microRNAs in the infarcted heart tissue samples from patients with MI with VR in comparison to those without VR.
Materials and methods

Patients and tissue sections
We examined the expression profile of miR-146a, miR-150 and miR-155 in 50 patients (27 males and 23 females, aged 56-94 years, mean age 72.6 ± 9.5) with MI, who died of VR or other complications. MI was diagnosed clinically by symptoms and/or electrocardiographic changes, and confirmed by elevated plasma levels of markers of cardiac necrosis. The heart tissue samples were obtained at autopsy within 24 hours after death, and were taken from the infarcted region and border zone. Tissue samples were fixed in 10% buffered formalin and embedded in paraffin. The duration of MI at the time of death was estimated on the basis of pathohistological changes and clinical data [3] , and all cases of MI were divided into two groups: up to 24 hours after onset of clinical symptoms (MI1) and 2-7 days after onset of clinical symptoms (MI2). There were 25 patients with MI1 (15 without VR and 10 with VR), and 25 patients with MI2 (12 without VR and 13 with VR). Diabetes and arterial hypertension was recorded in 35 and 37 patients, respectively. Twentyfour patients had received reperfusion treatment (11 with MI1 and 14 with MI2).
The control group consisted of autopsy heart tissue from 10 healthy adults (6 
RNA isolation
Tissue samples were cut at 10 μm from formalinfixed paraffin-embedded (FFPE) tissue blocks using a microtome. Six to eight 10-μm sections were used for the isolation procedure. Total RNA isolation was performed using a miRNeasy FFPE kit (Qiagen) according to the manufacturer's protocol. All the reagents were from Qiagen, except where otherwise indicated. Briefly, 1 ml of Xylene (Merck) was added for deparaffinisation, followed by brief vortexing and centrifugation. After the ethanol-washing step, pellets were air-dried and digestion with Proteinase K was performed at 55
• C for 15 min, followed by 15 min incubation at 80
• C in order to partially reverse formaldehyde modification of nucleic acid. After the gDNA elimination step, 100% ethanol (Merck) was added to the samples and the mixture was transferred to an RNeasy MinElute spin column. After two washing steps, the RNA was eluted in 30 μl of nuclease-free water. The concentration of RNA extracted was measured using NanoDrop-1000 (Thermo Scientific) and tested for UV/vis ratios. The A 260 /A 230 nm intensity ratio needs to be above 1.0 and A 260 /A 280 ratio needs to be above 1.8. The integrity and presence of small RNAs (< 200 nucleotides) was analyzed on a Bioanalyzer 2100 (Agilent, USA). Using the Small RNA Assay and Small RNA Ladder as reference we obtained the detailed view of the RNA of 6-150 nt in range and look for the presence of ∼22 nt long RNA molecules.
DNA digestion step and no-reverse transcriptase control
RNA obtained from FFPE heart tissue samples was treated with DNAse I prior to qPCR to eliminate the possibility of unspecific detection of double-stranded DNA amplified during the qPCR reaction. Up to 1 μg (5 μl) of RNA contaminated with genomic DNA was used, treated with a mix containing 2 μl 10x DNase buffer (RDD buffer), 10 units RNase inhibitor, 0.5 Kunitz units DNase I and filled with RNase-free water to obtain a 20 μl reaction mixture. After 30 min incubation step at 37
• C, 2 μl 140 mM EDTA (Sigma) was added to the reaction and incubated for 5 min at 65
• C to inactivate DNase I. The concentration was measured using NanoDrop-1000. The step of no-reverse transcriptase control included all the qPCR reagents with the primers and the RNA treated with DNAase I, without the reverse transcription step. If the product was amplified, it indicated that there was still some genomic DNA contamination. 
Reverse transcription and qPCR using miScript system
A miScript reverse transcription kit was used for reverse transcription. Briefly, a 15-μl reaction master mix was created, containing 100 ng of total RNA, 3 μl 5x miScript RT buffer, 0.75 μl miScript reverse transcriptase mix and 10 units (0.33 μl) RNase inhibitor. After incubation for 60 min at 37
• C and 5 min at 95 • C, the cDNA was diluted 10-fold, and 4.5 μl was used for each qPCR reaction. The 15 μl PCR master mix contained 7.5 μl 2x QuantiTect SYBR Green PCR Master Mix, 1.5 μl 10x miScript universal primer and 1.5 μl 10x miScript Primer Assay. The reaction was performed under the following thermal cycling conditions: initial denaturation at 95
• C for 15 minutes; cycling 40 times at 94
• C for 15 seconds, at 55
• C for 30 seconds and at 70
• C for 15 seconds. The signal was collected at the end point of every cycle. All the qPCR reactions were performed in duplicate or triplicate on ABI 7900 (Applied Biosystems). Following amplification, melting curves analysis of PCR products was performed to verify specify and identity. Melting curves were acquired on the SYBR channel using a ramping rate of 1
• C/60 s for 60-95
• C. RNU6B was used as the internal control gene, according to the manufacturer's protocol.
Statistical analysis
The 2 −ΔΔCt method was used to present the relative gene expression obtained from qPCR analysis, whereby the fold changes of the tested groups were calculated relative to the calibrator group as previously described [10] . The calculated ΔCt (difference between Ct of miRNA of interest and Ct of RNU6B) in different groups were compared to the ΔCt of the control group (calibrator group) and tested for statistical significance using the Mann-Whitney test for independent groups of samples, with a cut off point at p < 0.05. To calculate the differences in miRNA expression between the defined groups of patients, and correlations with clinical data, the following statistical tests were used: MannWhitney test, Kruskal-Wallis test and Sperman's Rho correlation coefficient. All the statistical tests were included in SPSS analytical software ver.17 (SPSS Inc., Chicago, Ill., USA).
Results
We found differences in expression patterns of miR146a, miR-155 and miR-150 within the defined timewindows (up to 24 h and 2-7 days after MI onset) when compared to healthy adults. All tested microRNAs were significantly up-regulated in MI1 and MI2. The miR-150 showed the lowest expression in MI2, whereas miR-146a and miR-155 showed the peak expression in MI2. For miR-146a and miR-155, a significant difference between MI1 and MI2 was found. Results are summarized in Fig. 1 .
We further examined if there is any correlation between the tested microRNAs and the presence of VR. We observed a significant correlation between miR146a, miR-150 and miR-155 expression. There was also an inverse correlation between miR-150 and the presence of VR (p = 0.022). In patients with VR compared to those without VR, miR-150 was significantly down-regulated, whereas miR-155 down-regulation and miR146a up-regulation did not reach the statistical significance. Results are summarized in Fig. 2 .
Comparing the expression of miR-146a, miR-150 and miR-155 in patients with VR and those without VR in both MI groups, we found miR-146a up-regulation in patients with VR only in MI2. No difference in miR146a expression was observed in MI1 between patients with and those without VR. In contrast, we found miR-155 and miR-150 down-regulation in patients with VR compared to patients without VR in both MI1 and MI2. The strongest correlation was observed for miR-150. The results are summarized in Fig. 3 . We also observed statistically significant differences in miR-146a and miR-155 expression in patients with VR in MI1 compared to those with VR in MI2. Similar changes were observed for miR-155 expression in patients without VR in MI1 compared to those without VR in MI2. Results are summarized in Fig. 3 and Table 1 .
When we analyzed the expression of microRNAs in relation to the reperfusion treatment, we found that only miR-155 is differentially expressed if we compare MI1 and MI2 patients (p = 0.015). MicroRNA miR-155 was up-regulated in patients with MI2 that received reperfusion treatment when compared to patients with MI2 that did not receive reperfusion treatment. The results are summarized in Table 2 . 
Discussion
In this study, we found an altered expression of microRNAs miR-146a, miR-150 and miR-155 in the infarcted heart tissue samples from patients with MI in comparison to the samples of the normal human hearts. The expression of miR-146a and miR-155 was highest in patients 2 to 7 days after the onset of MI, whereas the expression of miR-150 showed the lowest expression in patients 2 to 7 days after the onset MI. These findings are consistent with the postulated role of these microRNAs in the innate immunity [11] , as well as with the dynamics of the acute inflammatory response in MI, which is believed to reach a peak during the first week after MI [3] .
In MI, innate immune mechanisms are activated by necrotic cardiomyocytes, which release their intracellular contents, resulting in an intense inflammatory reaction [12] . The innate immune mechanisms comprise the Toll-like receptor-mediated pathways, the complement cascade and reactive oxygen generation, induction of nuclear factor (NF)-κB activation and upregulation of chemokine and cytokine synthesis, leading to the accumulation of neutrophils and other in- [8, [13] [14] [15] [16] , and only a few targets have been directly identified for these microRNAs [17] . miR-146a and miR-155, for example, are induced by toll-like receptors (TLR2, 3, 4 and 9), by interleukin-1 (IL-1) and tumor necrosis factor α (TNF-α), and upon activation of NF-κB [18] . Their known targets include interleukin-8 (IL-8), RANTES (CCL5), interleukin-1 receptorassociated kinase 2 (IRAK2) and tumor necrosis factor receptor-associated factor 6 (TRAF6) [8, 14, 19] , c/ebp Beta and granulocyte colony-stimulating factor (G-CSF) [20] , metalloproteinases [8] , and many others [17] . MicroRNA miR-150 was also described to be down-regulated in the innate immune response (sepsis), but its targets in this condition are not known yet [21] . Innate immunity probably plays a key role in the early stages of repair after MI, but, if too intensive, might also enhance the ishemic/reperfusion injury. The regulation of the innate immunity might therefore be crucial in determining the intensity of the inflammatory reaction and, speculatively, contribute to the development of VR after MI [1] [2] [3] . When we compared patients with MI with VR and those without VR, we found down-regulation of miR-150 and miR-155, and up-regulation of miR-146a in patients with VR. Downregulation of miR-150 and miR-155 was the strongest in patients with VR who died within 24 hours after the onset of MI, whereas up-regulation of miR-146a was the strongest in patients with VR who died 2 to 7 days after the onset of MI.
These findings are in accordance with previous studies which have shown that up-regulation of miR-146a is associated with proinflammatory cytokines and the NF-κB signalling [13, 22] .
Similarly, down-regulation of miR-150 and miR-155 has been demonstrated to be associated with the induction of inflammation [23, 24] . Down-regulation of miR-155 was among other effects associated with the elevated expression of matrix metalloproteinases [23, 24] . Intensive inflammation [2, 3] and elevated metalloproteinases with excessive degradation of the extracellular matrix [25] [26] [27] have been implicated in the development of VR after MI in experimental models and human MI. Our finding of down-regulation of miR-150 and miR-155 is thus consistent with the hypothesis that intensive inflammatory reaction, particularly in patients who received reperfusion treatment, plays an important role in the pathogenesis of VR after MI.
Conclusion
Our study demonstrated an altered expression of miR-146a, miR-150, and miR-155 in patients with MI in comparison to the normal hearts. These microRNAs have been postulated to be involved in the regulation of the innate immune response. Differential expression of these microRNAs in MI patients with VR in comparison to those without VR provides further evidence that innate immunity resulting in an intense inflammatory reaction plays an important role in the pathogenesis of the VR after MI in humans.
